Methods: The American Thoracic Society (ATS) created a multidisciplinary ad hoc committee to develop a research statement on implementation science in pulmonary, critical care, and sleep medicine. The committee used an iterative consensus process to define implementation science and review the use of conceptual frameworks to guide implementation science for the pulmonary, critical care, and sleep community and to explore how professional medical societies such as the ATS can promote implementation science.
Results : The committee defined implementation science as the study of the mechanisms by which effective health care interventions are either adopted or not adopted in clinical and community settings. The committee also distinguished implementation science from the act of implementation. Ideally, implementation science should include early and continuous stakeholder involvement and the use of conceptual frameworks (i.e., models to systematize the conduct of studies and standardize the communication of findings). Multiple conceptual frameworks are available, and we suggest the selection of one or more frameworks on the basis of the specific research question and setting. Professional medical societies such as the ATS can have an important role in promoting implementation science. Recommendations for professional societies to consider include: unifying implementation science activities through a single organizational structure, linking front-line clinicians with implementation scientists, seeking collaborations to prioritize and conduct implementation science studies, supporting implementation science projects through funding opportunities, working with research funding bodies to set the research agenda in the field, collaborating with external bodies responsible for health care delivery, disseminating results of implementation science through scientific journals and conferences, and teaching the next generation about implementation science through courses and other media. 
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Overview
Patients, clinicians, and health systems struggle with implementing evidence-based practices in pulmonary, critical care, and sleep medicine. Implementation science is a rigorous scientific discipline dedicated to the study of strategies to overcome the evidenceto-practice gap. This Research Statement summarizes the work of an ad hoc multistakeholder committee of the American Thoracic Society (ATS) to discuss implementation science and provide recommendations for how implementation science can be applied to pulmonary, critical care, and sleep medicine and the broader clinical and scientific community.
Definition of implementation science
d Implementation science is the study of the mechanisms by which health care interventions are adopted or not adopted in clinical and community settings. d Implementation science is a theoryreliant field that emphasizes complex, multicomponent interventions that target multiple levels of a system and addresses adaptive challenges to behavior change. d Implementation science encompasses the identification of facilitators and barriers (both individual and systemic) to adopting evidence-based care as well as the design and evaluation of interventions to improve implementation, thereby improving health in clinical and community settings. d Implementation science is distinct from implementation itself. Implementation is the act of using systematic methods to adopt certain practices, whereas implementation science seeks to understand how and why adoption occurs or fails and to develop and test novel strategies for implementation. 
Introduction
Despite advances in our understanding of diseases and how to treat them, health care innovations may be underused, overused, or misused, ultimately failing to benefit patients (1, 2) . This problem is ubiquitous in all aspects of health care, including pulmonary, critical care, and sleep medicine. Patients, clinicians, and/or health systems frequently struggle with implementing effective practices in pulmonary, critical care, and sleep medicine, ranging from pulmonary nodule surveillance (3) (4) (5) to the adoption of lung-protective ventilation strategies (6) , to the use of positive airway pressure for obstructive sleep apnea (7) . Implementation science is intended to remedy this problem by developing and testing strategies that can help patients, clinicians, and health systems overcome this evidence-topractice gap.
Translating new scientific discoveries into improved patient care is an active process; passive diffusion of evidence into practice is unreliable and inefficient. For more than a decade, the National Institutes of Health has promulgated research activities across a "translational spectrum" that includes biomedical discovery (understanding the biology of health and disease and identifying therapeutic targets), clinical efficacy research (assessing pharmaceutical or behavioral interventions delivered by research personnel in highly selected patient populations), clinical effectiveness research (evaluating the effects of interventions in practice or community settings, when delivered by clinical personnel), and implementation science (8) (9) (10) .
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For example, in the translational pathway of lung-protective ventilation for patients with acute respiratory distress syndrome (ARDS), biomedical discovery is represented by studies that demonstrated that higher tidal volumes and high airway pressures are injurious in animal models of lung injury and patients with ARDS (11) (12) (13) (14) (15) (16) ; clinical efficacy research was conducted by experts in the ARDS Network and others on the effect of lung-protective ventilation on mortality in highly controlled research settings (17) , and clinical effectiveness research could include studies of the benefits and harms of lung-protective ventilation compared with usual care or other treatment strategies in settings that are more representative of clinical practice (18, 19) . In contrast, implementation science would seek to identify the facilitators and barriers of lungprotective ventilation use and use this knowledge to design strategies to improve its adoption and sustainability (6, (20) (21) (22) (23) (24) (25) .
The goals of this Official ATS Research Statement are to: (1) define implementation science and contrast it to related research activities; (2) discuss how existing conceptual frameworks for implementation science apply to pulmonary, critical care, and sleep medicine; (3) elucidate the essential role of stakeholders in implementation science; and (4) develop recommendations about how professional medical societies such as the ATS can more effectively support implementation science.
Methods
This project was developed in response to the ATS/NHLBI Implementation Research Workshop on May 17, 2014 (26) , which called for an official ATS Research Statement to increase understanding within the clinical and scientific community about the role of implementation science in the context of broader efforts to close the evidence-to-practice gaps for pulmonary, critical care, and sleep disorders and to formulate recommendations about how the ATS could serve as an effective collaborator in such efforts.
Participants in the Ad Hoc Committee to Develop an ATS Research Statement
The ad hoc committee included ATS members with clinical expertise in pulmonary, critical care, and sleep medicine, as well as individuals with expertise in implementation science methodology, quality improvement, clinician and patient education, behavioral science, health economics, decision science, clinical trials, stakeholder engagement, health equity, health systems leadership, and a representative of the ATS Public Advisory Roundtable (see the online supplement). Potential conflicts of interest were disclosed and managed in accordance with the policies and procedures of the ATS.
Literature Review and Discussion
The committee participants were divided into three working groups, each focused on one of the following topics: (1) the definition of implementation science and its role within the translational research spectrum, (2) the use of conceptual frameworks to support implementation science, and (3) recommendations for the ATS and other professional medical societies about how they can engage in implementation science.
From February to May, 2015, the three co-chairs conducted a targeted literature search to facilitate discussions within the three working groups. Each working group was tasked with summarizing relevant literature identified during these searches and formulating provisional recommendations for further discussion at an in-person meeting on May 15, 2015, during the ATS International Conference in Denver, Colorado. During the course of these meetings, each working group independently identified the importance of involving stakeholders as a topic to include in this research statement.
A briefing book summarizing the work to date was distributed to participants in advance of the in-person meeting. 
Definition of Implementation Science
Implementation science is the scientific study of the mechanisms by which evidence-based health care interventions are adopted or not adopted in clinical and community settings.
These mechanisms may include process factors (e.g., patient or clinician behavior) and contextual factors (e.g., social support and other social determinants of health) that either mediate (i.e., factors that are in the causal pathway between implementation strategy and adoption of the intervention) or moderate (i.e., factors that strengthen or weaken the effects of the implementation strategy on the causal pathway) the delivery of care. Using the example of lung-protective ventilation in ARDS described above, if an implementation strategy includes a text reminder to the clinician's mobile phone to lower a patient's tidal volume, a mediating factor could be the extent to which the clinician reads his/her text messages. On the other hand, a moderating factor could be a clinician's attitude toward lung-protective ventilation itself, which could modify the extent to which such text reminders lead to use of lower tidal volumes in individual patients. Implementation science also includes the development and evaluation of specific strategies that target these mediating and moderating mechanisms to accelerate improvement in health care delivery.
In addition, implementation science seeks to understand the core components (components of implementation strategies that are important to achieving adoption regardless of the context and setting) and adaptable components (components of implementation strategies that require tailoring to the patient, clinician, or health care system to achieve adoption) of the frequently multicomponent strategies used to facilitate adoption or de-adoption of clinical practices. Implementation science can also be used to study the mechanisms by which ineffective or harmful interventions are discarded.
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The importance of implementation science in the translational research spectrum can be understood best in the context of its historical development and its relationship with other fields.
Implementation is the act of translating evidence into practice. Systematic and intentional, it is concerned with improving care. Implementation science is the study of implementation (i.e., uncovering broadly applicable barriers to evidence adoption and developing and testing novel strategies to overcome those barriers).
Historically, several distinct intellectual traditions have developed that fall under the umbrella of implementation science, including quality improvement research and diffusion of innovations theory. Quality improvement research, with roots in industrial engineering and manufacturing, is focused on small, rapid-cycle tests of change (e.g., "plan-do-study-act" cycles), emphasizes local change, and addresses challenges of a more technical or logistical nature from an operational perspective (27) (28) (29) (30) (31) .
In contrast, another implementation science tradition is rooted in the diffusion of innovations theory, which was developed in fields as diverse as sociology, anthropology, education, communication, economics, and management science. This tradition is focused on behavioral change. Early observations of individual behavior led to the development of the classic theory of the diffusion of innovations first proposed by Rogers (32) , which has been expanded by Greenhalgh and others into many modern frameworks for implementation science (33) (34) (35) .
An example of implementation is instructive. Consider a practice plan beginning to use a new bronchodilator inhaler for the management of chronic obstructive pulmonary disease on the basis of a new clinical practice guideline. Implementation in this area could consist of the practice plan developing a plan to increase inhaler use that targets anticipated logistical and process challenges, executing the plan, monitoring inhaler use to see if it increases, refining the intervention, and repeating the cycle until inhaler use is at target levels. In contrast, implementation science systematically identifies potential clinician-, patient-, and system-based facilitators of and barriers to adoption of the new bronchodilator inhaler and designs and evaluates a strategy that targets key facilitators and barriers (e.g., educational outreach to clinicians to overcome attitude or knowledge barriers, payment incentives to clinicians and patients to overcome payer barriers, electronic health record alerts to clinicians or a checklist or protocol to overcome systemic barriers in the recognition of eligible patients) to improve adoption of the inhaler. The characteristics of implementation science would lead to generalizable knowledge about barriers to implementation of the new inhaler and a suite of interventions that would provide a path to improved widespread adoption across practices. In summary, whereas existing strategies to translate evidence into practice either do not work, are only incrementally effective, or are too expensive (36, 37) , implementation science strives to develop more effective, targeted strategies that are generalizable to other settings The boundary between implementation science and a number of other related research activities may not always be clear (Table 1) . Clinical effectiveness research is focused on comparing health and economic outcomes of specific interventions in real-world clinical or community settings (38) , whereas investigating the mechanisms by which the interventions are adopted in these realworld settings is a distinguishing feature of implementation science. Some studies use a hybrid effectiveness-implementation design (39) ; for example, a researcher may be testing the effects of an influenza vaccination campaign on work absenteeism during the fall and winter months (clinical effectiveness research) while also investigating whether a nurseled communication strategy to promote vaccination overcomes known barriers to vaccination across different worksites (implementation science). Diffusion and dissemination focus on passive and active mechanisms, respectively, through which information reaches a target audience (40, 41) . Implementation science overlaps significantly with diffusion and dissemination (41) .
Conceptual Frameworks
Conceptual frameworks are "strategic or action-planning models that provide a systematic way to develop, manage, and evaluate interventions" (41, 42) . Due to their connection between observations and theory, conceptual frameworks serve multiple positive roles for the conduct of implementation science. First, conceptual frameworks provide definitions and terms that can be used broadly and consistently across multiple users and projects. Second, conceptual frameworks enhance the interpretability of individual research findings and allow them to be more easily tested by others. Third, conceptual frameworks can help researchers focus on the essential mechanisms of behavioral change by targeting relevant mediators and moderators. Failure to use a framework may make it less likely for implementation to succeed, because frameworks help to identify the factors that predict implementation success, enable the design of implementation strategies that target these factors, and facilitate measurement (41) . For these reasons, funding agencies encourage the use of conceptual frameworks (26) to facilitate the review of proposed projects (43, 44) .
More than 100 overlapping theories, conceptual models, and frameworks have been proposed to describe the process of implementation (42) , classify various implementation strategies (45) , and provide guidance when evaluating implementation efforts (46) . A recent book describes several of these frameworks for implementation science and their implications for health care and public health (47) .
We recommend the use of a conceptual framework in the planning and execution of studies using implementation science methods. However, there is no single "best" conceptual framework that will apply to all implementation gaps and across all clinical settings. Different conceptual frameworks can serve different purposes and are useful in different settings. When selecting a framework for implementation science, there are several characteristics that should be kept in mind. First, the framework or frameworks that are selected should be sufficiently comprehensive, such that all potentially critical factors that may affect implementation are considered (41) . Second, the framework(s) should focus on the essential processes germane to the specific research question-for example, if the effect of an organizational change intervention on patient outcomes is being studied, frameworks that address organizational and systems barriers to implementation as well as outcome measurement are required.
In particular, frameworks should lead to an actionable plan and specific methods for one or more of the following: (1) identifying the facilitators and barriers to adoption of implementation-ready interventions, (2) designing implementation strategies or interventions that target barriers to adoption, and (3) testing these strategies in observational studies or clinical trials to evaluate whether they lead to initial and sustainable adoption. Table 2 lists several examples of frameworks that could be used to address research questions related to pulmonary, critical care, and sleep medicine that fall within these categories. The table is not intended to preclude consideration of other frameworks or to limit the application of a suggested framework to a particular category of questions. It is only meant to provide additional detail about some commonly used frameworks and provide insight into how they might be applied in an implementation science study. Figure 1 illustrates how two conceptual frameworks could be applied to a specific topic, in this case the implementation of lung-protective ventilation for ARDS. The Consolidated Framework for Implementation Research (CFIR) is a framework that synthesizes the concepts of many previous theories related to implementation science (48 
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2. An electronic health record screening tool that aims to improve recognition of ARDS would need to take into account several aspects of Implementation Process: planning (e.g., designing the screening tool to take into account stakeholder needs and communication channels), engaging (e.g., identifying and enlisting opinion leaders to lead implementation efforts), executing the intervention, and evaluating its impact.
Reach, Effectiveness, Adoption, Implementation, Maintenance (RE-AIM) is an evaluation framework that is used to identify which aspects of implementation should be evaluated as outcomes (41, 49) . For the ARDS screening tool described above, the RE-AIM framework would direct researchers to focus, for example, on measures of adoption of the screening tool (what proportion of clinicians use or respond to the prompt?) or maintenance of the tool (how well is the screening tool sustained over time?).
Stakeholder Involvement
The theme of early and continuous stakeholder engagement emerged from all three working groups as especially important to the success of both implementation and implementation science. Stakeholders can inform implementation science by engaging in the following activities: evidence prioritization (stakeholders participating in defining and prioritizing evidence gaps to guide the selection of the research question[s]), evidence generation (collaborating in the conduct of the study to fill evidence gaps), evidence dissemination (diffusion of new knowledge to end users, such as patients or clinicians), evidence integration (uptake and appropriate use of new knowledge by end users), and feedback (communicating to researchers the extent to which the new knowledge addressed the (62) What is the effect of an implementation strategy to use lung-protective ventilation in patients with ARDS on mortality and ventilator duration? Does adding a behavioral weight loss program into sleep apnea care reduce cardiovascular risk?
Definition of abbreviations: ARDS = acute respiratory distress syndrome; PRECEDE = Predisposing, Reinforcing, and Enabling Causes in Education Diagnosis and Evaluation; PRISM = Practical, Robust Implementation and Sustainability Model; RE-AIM = Reach, Effectiveness, Adoption, Implementation, Maintenance.
needs of end users). Which stakeholders are critical to implementation science depends on the research question and may include patients, their caregivers, and advocacy groups; community members; providers (e.g., clinicians across disciplines, care-delivery systems, professional societies representing clinicians); purchasers (e.g., governments, employers, self-insured consumers); payers (insurers, Centers for Medicare and Medicaid Services, individuals with deductibles); administrators (e.g., clinic director or chief executive officer of a health plan); policymakers (e.g., members of Congress); product makers (drug and device manufacturers); and researchers (50) .
Professional Medical Society Engagement in Implementation Science
By virtue of their multidisciplinary nature and potential to provide a unifying forum for their field, professional medical societies are uniquely poised to develop clinical practice guidelines, to lead dissemination efforts, and to develop tools to facilitate the act of implementation (51, 52) . However, how professional medical societies can participate in and facilitate implementation science remains largely unexplored. The traditional role of professional societies has been in the realm of evidence generation, by providing a vehicle for scientific collaboration, the sharing of content, and the production of clinical guidelines. Leadership in implementation science activities, including collaboration with crucial stakeholders, can potentially serve to improve the successful adoption of evidence known to improve patient outcomes. To date, professional medical societies, including the ATS, have largely created tools for local implementation (e.g., clinical practice guidelines, quality measures, continuing medical education) without significantly focusing on promoting the implementation science that would make these tools more effective ( 
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the act of implementation (e.g., clinical practice guidelines, the American Heart Association's Get With the Guidelines, educational initiatives such as maintenance of certification and performance improvement modules, and registries) (58). A systematic review of how other professional societies are supporting implementation science and the effectiveness of such support is outside the scope of work for this statement but could be the basis of future work in this area. Whether these efforts have translated to improvements in care or outcomes is unclear. These strategies do not usually anticipate or address the barriers health care clinicians, patients, and systems encounter in translating evidence into practice, the importance of behavioral change, or the potential benefits of multicomponent interventions targeting multiple levels of a system. Implementation science is focused on these critical issues.
There are barriers within professional medical societies to supporting implementation science. Inadequate understanding about the differences between implementation science and the act of implementation, quality improvement, and dissemination is an important barrier and one that this research statement is designed to address. In addition, implementation science experts may be located in different parts of the society, with no clearly defined "home" and little mechanism for coordination or communication. Indeed, the historical fracturing of implementation science within a professional medical society is at odds with the synergy inherent in successful implementation science.
Recommendations for Professional Medical Societies to Promote Implementation Science
Professional medical societies can overcome the above barriers-and become leaders in implementation science-by building on their legacy in discovery, efficacy, and effectiveness science; dissemination; and quality improvement (26) . Because of the potentially significant financial investment, professional societies should carefully consider whether the involvement in implementation science fits with their overall mission and vision. First and foremost, societies could consider creating or empowering an existing structure to specifically address implementation science as a distinct discipline. The society could consider providing financial and staffing resources for this structure to specifically support implementation science. Such a structure would bridge communication gaps within an inherently multihome organization and create a unified vision for how implementation science can be further advanced, including through advocacy efforts involving Congress, the National Institutes of Health, and other groups. There is a danger that creating a new structure within a society could merely lead to yet another silo, removing implementation science experts from other areas where they may have closer contact with "on-the-ground" practitioners and other scientists. This problem can be mitigated by ensuring regular, direct communication between the new implementation science home and other areas of the medical society and by implementation science experts not discontinuing their existing affiliation with other key committees and groups throughout the organization; other recommendations that would mitigate this potential problem are discussed below.
The ATS has expanded the Quality Improvement and Implementation Committee (QIIC) to include content and scientific experts from implementation science, quality improvement, health services, education, and ATS leadership. Now that the ATS has taken this step to build an implementation science home, the charge of the QIIC could be expanded to include specific implementation science benchmarks. The QIIC would promote communication, collaboration, and strategic development of implementation 
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science agendas across the existing assemblies and committees of the ATS. It would also allow a well-coordinated approach to fostering society interactions with key stakeholders in funding, policy, patient advocacy, and health care bodies.
Once an implementation science home is created and financial and staffing resources are provided, the professional society and its members (e.g., ATS members) would have a multidisciplinary collaborative team to go to for their implementation science needs. Table 4 lists some activities that professional societies may consider.
Conclusions
Implementation science is the part of the translational research spectrum that focuses on understanding the mechanisms by which health care interventions are adopted or not adopted in clinical and community settings. There are multiple opportunities for professional medical societies such as the ATS to more fully leverage the expertise of their members to support implementation science. By leading the effort to support implementation science, the ATS can help to narrow the evidence-to-practice gap and potentially improve care. n This official research statement was prepared by an ad hoc committee of the Assembly on Behavioral Science and Health Services Research.
Members of the committee are as follows: Table 4 . Recommendations for Professional Medical Societies to Consider for Supporting Implementation Science
Create an organizational home for implementation science and provide financial and staffing support Link front-line clinicians with implementation scientists to rigorously study innovations in care delivery, and use existing quality improvement programs as laboratories to study novel implementation approaches Prioritize the use of rigorous methods to develop clinical practice guidelines that explicitly rate the quality of evidence and the strength of recommendations, and prioritize targets for implementation that are strong recommendations based on high-quality evidence (low risk of bias) (65) Seek opportunities to be active collaborators in the conduct of implementation science studies (e.g., society-driven comparative implementation studies, convening stakeholders to prioritize evidence, and identify opportunities to disseminate study results) Advocate with funding agencies to set the research agenda for implementation science in their field Assist individual implementation researchers in obtaining grants, and form a consortium for investigators to share strategies and methods Assist external stakeholders in collaborating on the planning and conduct of implementation science studies Collaborate with fiscal bodies that are responsible for health care delivery, seeking opportunities to link science with care improvement Consider implementation science studies when making internal funding decisions Create implementation science programming at professional society conferences (e.g., scientific symposia and postgraduate courses) Promote implementation science through scientific journals (e.g., American Journal of Respiratory and Critical Care Medicine and Annals of the American Thoracic Society), and encourage journal editors to explicitly seek articles in implementation science Link successful implementation strategies with toolkits that promote local adoption (e.g., websites, protocols, order sets, and videos) Teach the next generation about implementation science through continuing medical education, workshops, and other media, and support their research through internal funding mechanisms AMERICAN THORACIC SOCIETY DOCUMENTS
